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Abstract 
The business model of high-value capital assets is shifting from purchasing a physical product to acquiring a result or a function supported by 
the product combined with a number of related services. One such service, maintenance, is perhaps the most efficient way to keep the function 
available during the product lifecycle. Automation has played a vital role in industry throughout history, particularly within the production line. 
With the movement towards providing product service systems the need for services such as maintenance are increasingly important for a 
manufactured product, and the pull towards automation may drive down costs and improve performance time. Although currently robotic 
applications to maintenance beyond monitoring and inspection tasks are not common, this research aims at exploring the feasibility of future 
maintenance robots that can perform a variety of maintenance tasks. As its first step, this work looks first at investigation, cataloging and 
classification of a number of maintenance tasks using standard industrial engineering techniques such as time motion, method or workflow 
analysis. This involves decomposing the maintenance work into a number of ‘unit tasks’ required to be performed in order to accomplish the 
specified maintenance.  
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1. Introduction 
The business model for the provision of a wide variety of 
high-value capital assets such as aero engines, trains and 
medical scanners is undergoing a fundamental shift [1]. 
Previously the end user would purchase the asset from the 
manufacturer and become the asset’s owner.  Responsibility 
for the operability and maintenance of the asset would pass to 
the end user as soon as the manufacturer’s warranty period 
had expired [2]. With a move towards a more service based 
model, assets are now being leased out to the end user, with a 
contract with a maintenance provider to ensure availability of 
the asset [3].  
This is seen on UK railways where the time-limited 
franchise for operating a particular service is given to a train 
operating company who then lease the rolling stock from its 
owner and contract with a maintenance company under a 
service level agreement to ensure availability of the asset.  An 
example of this is Bombardier providing the maintenance to 
East Midlands trains for the class 222 train sets. Such a 
business model provides motivation for improving the 
maintenance function – in order to reduce through-life costs 
and maximize profits on those contracts. 
This paper presents a novel methodology for the task 
classification of maintenance activities, with the ultimate goal 
in leading towards automation through robotic platforms. This 
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begins with a look at maintenance and robotics in section 2 
and is followed by a brief overview of the industrial
engineering techniques employed. The task classification 
methodology is outlined in section 4 and an overview of the
case studies used in its validation in sections 5. Experimental 
results and discussion follow, ending with conclusions drawn.
2. Maintenance and Robotics
Recent decades have seen an increasing use of robots 
within manufacturing processes.  The speed, availability and
improved accuracy of robots have had significant impact in
reducing both manufacturing costs and through-life costs due
to improved quality.
It therefore seems logical to explore the possibilities of 
robots being used within the maintenance function to provide
the same benefits as are found by their use in the 
manufacturing process. However, so far applications of robots
to maintenance have been limited to mostly monitoring and
inspection tasks [8]. Most of them are non-autonomous robots
(e.g., remote-controlled) equipped with cameras, sensors, and
master-slave controlled manipulators. Exceptionally, a few
robots are capable of performing their inspection tasks
autonomously [9].
Maintenance is the process of keeping something in good
order. The eventual aim of this research is to investigate the
feasibility of introducing robots to maintenance beyond
simple monitoring and inspection tasks. However, 
maintenance is known to have a number of characteristics
which are not found in the process of manufacturing of new
products. Among others, maintenance is often irregular, non-
uniform, non-deterministic and non-standardised.
As its first step, this paper observes actual maintenance
tasks and tries to provide an accurate description of what is
entailed in maintenance tasks. This research employs existing 
Industrial Engineering (IE) techniques to describe selected
maintenance tasks.  These results will seek to answer the
questions:
x Are existing IE techniques capable of providing a full
description of maintenance tasks?
x Where can robotic devices realistically be deployed?
x Where does future development need to be focused to
enable robots to undertake maintenance tasks 
autonomously?
3. Industrial Engineering Techniques and Classification
IE techniques fall into two basic categories; they are either
used for analysis of existing processes or improvement of 
those processes.  Reported uses of IE within maintenance
activities tend to describe how techniques are used for the
latter, either by increasing their efficiency or improving their 
planning.  So the Single Minute Exchange of Dies (SMED)
techniques are used to reduce setup times [4] and scheduling
rules have been used to improve repair system performance
within the system’s existing constraints (e.g. labour hours,
repair facility availability) [5].
As the focus of this research is the analysis of movement,
IE techniques that are designed for use in describing motion
would appear most relevant.  Consequently the time and
motion study techniques developed by Frank and Lillian
Gilbreth [6] are used in this research. 
The Gilbreths identified 18 elemental motions (to which
they gave the name Therbligs) related to motion by humans
undertaking manufacturing processes.  Therbligs are used to
describe time and motion with the system being extended to
record the movement of each hand in a Simultaneous Motion
(SIMO) chart [7].
On a higher level, maintenance tasks can also be recorded 
and defined using simple process flow charts to capture the 
main tasks and decisions within it.
4. Task Classification Methodology
In order to fully classify a maintenance task so as to allow 
its eventual automation through robotics, a process is required
to capture the necessary information. Discussed previously,
within the literature there are a number of industrial 
engineering techniques which can be used to capture this
information for a given task or function. Maintenance often
involves complex motion and function and therefore the
analysis of this movement is the focus of the developed
methodology.  A two stage process is therefore outlined, with 
video recording of the maintenance event; this is transcribed 
into a process flow, and then followed with more detailed 
analysis of the video to capture motion information through
Therblig and SIMO classification. Figure 1 captures this
process for maintenance task classification.
Fig. 1. Task Classification Methodology
5. Case Studies
In order to evaluate the proposed task classification
methodology a number of maintenance case studies need to be
performed. Outlined below are two separate case studies, the
first focusing on a simple laboratory mockup using a radio
controlled (RC) car, and then followed with an example of 
maintenance in the field on a class 222 diesel engine train
undercarriage.
5.1. Radio controlled car
A petrol driven radio controlled car with over 10 years of 
heavy use provides a suitable platform for evaluating the
proposed methodology. Here one task is chosen, the
maintenance of a rear shock absorber, consisting of removal,
inspection, cleaning and refitting. A breakdown of the generic
steps required to perform this maintenance is shown in Table
1, and the shock absorber is shown in Figure 2.
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Fig. 2. Shock absorber spring 
Table 1. Rear Shock Absorber Breakdown. 
Step Description 
1 Remove the 4 ‘R’ pins which hold the car body in place 
2 Remove the car body to gain access to shock absorber 
3 Remove shock absorber upper mount screw 
4 Remove shock absorber lower mount screw 
5 Remove shock absorber and inspect 
6 Return shock absorber to car 
7 Affix shock absorber upper mounting screw 
8 Affix shock absorber lower mounting screw 
9 Replace car body 
10 Replace the 4 ‘R’ pins which hold the car body in place 
 
5.2. Class 222 diesel engine train undercarriage 
The class 222 is a diesel-electric multiple unit high speed 
train. Underneath each carriage on the train is a diesel engine 
which drives an electrical generator which then drives an 
electric traction motor. As well as driving the train, the 
traction motor provides rheostatic braking to reduce brake pad 
wear and in order to shield it from the elements a series of 
side skirts is employed. In order to perform maintenance it is 
necessary to lower and raise the side skirts to gain access to 
the traction unit and any ancillary equipment. A breakdown of 
the generic steps required to perform this maintenance is 
shown in Table 2. The electric traction motor in the 
undercarriage is also connected to a pair of bogey wheels 
through a final drive gearbox. One of the regular maintenance 
tasks on the gearbox involves checking and analyzing of the 
oil filler. A breakdown of the generic steps required to 
perform this maintenance is also shown in Table 3, and the oil 
filler is shown in Figure 3. 
Table 2. Lowering and Raising Side Skirt Breakdown. 
Step Description 
1 Unscrew left and right hand securing bolt 
2 Open latch and lower skirt to horizontal position 
3 Remove spring clips on retaining lanyard from both sides 
4 Lower skirt to vertical position 
5 Raise skirt to horizontal position and re-attach spring clips 
6 Raise skirt and close hatch 
7 Screw in left and right hand securing bolts 
 
 
Fig. 3. Gearbox oil filler 
Table 3. Checking Oil Filler Level Breakdown. 
Step Description 
1 Assemble sampling device 
2 Remove filler cap 
3 Visually inspect oil on spigot for contamination 
4 Wipe spigot 
5 Replace filler cap 
6 Remove filler cap and check oil level point on spigot  
7 Take oil sample 
8 Replace filler cap 
 
The next section looks at the experimental results achieved 
through the application of the task classification methodology 
outlined previously to each of the case studies. 
6. Experimental Results 
The task classification methodology leads to the creation of 
a number of industrial engineering process and motion 
information of the maintenance task involved. For each case 
study maintenance example this includes video information, 
process flow charts, Therbligs and SIMO chart motion 
information. For both the RC car case study and class 222 
diesel engine train undercarriage case study a number of 
results are shown. 
6.1. Radio controlled car results 
The disassembly of the RC car and subsequent 
maintenance is presented in Figure 5 as a process flow chart 
capturing the main steps of this procedure. Even with such a 
simple example the very first step highlights some of the 
problems faced, with removing the ‘R’ pins prior to the car 
body, as seen in Figure 4. 
Here two hands are needed to undertake the task, one to 
hold the car stationary and the other to withdraw the pin. 
Consequently this would require either two general purpose 
robotic arms working in collaboration or one robot with a 
special end effector which can brace itself on the car before 
withdrawing the pin. In either case care has to be given in 
order not to damage the body structure when performing this 
task and detailed information is needed in order to perform it 
correctly. 
The removal and replacement of the cross-head screws is 
another task in the process which bears difficult challenges to  
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Fig. 4. Removing one ‘R’ pin on RC car 
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Fig. 5. Process flow chart for shock absorber 
 
robotic automation. In this instance both ends of the shock 
absorber are attached to the chassis using cross-head screws, 
often used due to their tolerance in the initial positioning of 
the screw driver when it mates with the screw head. The final 
application of axial force aligns the screwdriver with the 
screw head and provides a tight fit which allows torque to be 
applied. This only works properly if the correct screwdriver is 
used, the screw-head has not been damaged previously and a 
suitable axial force is maintained during the screwing action 
(which in itself is a challenge as the screw head moves axially 
as it is rotated).  If any of these conditions are not met then the 
screwdriver will ‘jump out’ and will quite likely damage the 
screw-head. This problem does not usually occur in the initial 
assembly of the item during the manufacturing process but 
there are a number of potential hazards in maintenance 
processes. Consequently it required some degree of dexterity 
together with tactile and visual feedback to carefully remove 
the screws without their being damaged in the process, for 
example thread stripping. 




1 Search for the car body Search 
2 Find the car body Find 
3 Reach for the car body Transport Empty 
4 Grab the body with both hands (one on 
each side) 
Grasp 
5 Lift the body vertically until the aerial has 
passed entirely through the body 
Transport loaded 
6 Release the right hand Release loaded 
7 Search for the storage place for the car 
body 
Search 
8 Find the storage place for the car body Find 
9 Move the car body to the storage place Transport Loaded 
10 Release the car body alongside the RC car Release Load 
 
6.2. Class 222 diesel engine train undercarriage results 
The aluminum oil filler cap incorporates a magnetised steel 
rod with knurled markings that denote the maximum and 
minimum oil levels.  It is retained in the cast iron gearbox 
casing by a bayonet fitting. Once the cap has been removed, 
the magnetic end of the rod is inspected for metal deposits 
before it is wiped and placed back into the gearbox casing and 
allowed to rest unfastened before being removed again and 
the oil level noted. It is then removed a second time to allow 
an oil specimen for debris analysis to be taken before being 
replaced once more and fastened into place. A process flow 
chart for this maintenance is shown in Figure 6. 
A number of issues were identified during the process of 
oil filler maintenance. An oil-tight seal is produced because 
the elongated inside of the aluminum cap has a close fit to the 
accurately-bored hole in the casing.  Consequently the cap can 
be quite challenging to remove – usually requiring the shaft of 
a long screwdriver to lever it out. Bronze particles produced 
by wear of the brushes in the gearbox will not be attracted to 
the magnetised steel rod; however they will cause the oil to 
have an orange tint which can be identified by an experienced 
maintenance fitter.  Similarly water contamination can be 
identified by sight without having to wait for the results of the 
laboratory analysis of the oil sample. 
A number of lessons were also learnt from the skirt 
maintenance. Lowering the skirts is a two-stage process.  
Firstly the securing bolts at each end are unscrewed before the 
central latch is released which causes the skirt to drop.  Its 
descent is arrested at the 90o position by wire lanyards at each 
end attached to the skirt by spring clips.  Once these are 
disconnected the door can be fully lowered.  Most 
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maintenance is carried out with the skirt remaining attached to 
the unit but should it require completely removing, the hinge 
design is such that this can be achieved by simply lifting the 
skirt some 30mm. 
Releasing and refastening the spring clips can be 
challenging and the lanyard is easily trapped when the skirt is 
raised. While using power tools to screw and unscrew the 
securing bolts may appear to save time, it can result in 




Build the sampling device
Remove the oil plug
Inspect the oil plug
Clean the oil plug
Is it low?
Put it back and remove it 
from the oil chamber
Put the pipe in the oil
Change oil
Suck the oil and fill the 
bottle
Check the oil level
Remove the pipe
Disassemble the device 
and close the bottle








Fig. 6. Process flow chart for sampling oil filler 
 




1 Search for the sampling device Search 
2 Find the sampling device Find 
3 Grasp the sampling device Grasp 
4 Search for the pipe of the sampling device Search 
5 Find the pipe of the sampling device Find 
6 Grasp the pipe of the sampling device Grasp 
7 Move the sampling device to the oil 
chamber 
Transport loaded 
8 Move the pipe to the oil chambers hole Transport loaded 
9 Position the bottom of the pipe in front of 
the oil chambers hole 
Position 
10 Put the bottom of the pipe in the hole Transport loaded 
11 Release the pipe Release 
 
Left Hand Description Symbol Time (s)  Time (s) Symbol Right Hand Description 
Search for the sampling 
device 
SH 0.1  1 R Rest 
Find the sampling device F 0.1 
Grasp the sampling device G 0.5 0.1 SH Search for the pipe of the 
sampling device 
Move the sampling device 
to the oil chamber 
TL 2.5 0.1 F Find the pipe of the 
sampling device 
0.5 G Grasp the pipe of the 
sampling device 
0.5 R Rest 
1.5 TL Move the pipe to the oil 
chamber's hole 
Hold the sampling device H 3 
1 P Position the bottom of the 
pipe 
1 TL Put the bottom of the pipe 
in the hole 










Fig. 7. SIMO chart step seven – put the pipe in the oil 
 
The latch on the heavy skirt is the same design as that on 
the lighter skirt.  Consequently over time the latch on the 
heavier door is inclined to wear and ultimately fail.   It is 
therefore imperative to support the weight of the skirt when 
unscrewing the second securing bolt in case the latch is 
incapable of keeping the skirt raised. An air filter assembly 
forms part of the skirt and should remain in place at all times.  
However with wear and tear, when the skirt is lowered to its 
final position it is not uncommon for this slide out and drop 
onto the floor.  Should this happen, the assembly will need 
replacing and holding in place during the subsequent raising 
of the skirt. The weight of this skirt is such that when it is 
being raised the hinges are inclined to separate unless a 
second person presses them back into place. 
7. Discussion and Future Work 
The use of the chosen IE techniques can help to describe 
the process and motions of maintenance by decomposing the 
tasks into a number of unit movements. However there is 
often not enough detail to ascertain whether this task can be 
accomplished by a robot. Consider the task ‘Lift off body’ 
shown in Table 4. The Therbligs used for its description are 
Search, Find, Transport Empty, Grasp, Release Load, 
Transport Loaded and Release Load. These Therbligs 
describe the process quite correctly, but some details are 
missing. For example step 5, “Lift the body vertically until the 
aerial has passed entirely through the body” is quite easy to 
perform for a human being. However, several issues may 
occur if a robot has to carry out this operation. In fact, this 
activity is more complicated than just lifting an object. How 
can a robot know when the aerial has passed entirely through 
the body? What if the aerial gets stuck or blocked during the 
car body removal? The Therblig used for this motion – 
Transport Loaded – does not depict that complexity. 
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Another example of this decision-making issue is given 
from cleaning activities. How can it be decided or described 
when a surface is cleaned enough? At the moment, no IE 
technique can model and describe decision-making as an 
action. 
It also appears that some Therbligs are too ambiguous. 
This is the case of “Use” for example.  This is a general term 
to describe the motion to be done. In fact, if the operator is 
using a screwdriver, the way of performing should be more 
precise: should the rotation be clockwise or anticlockwise? 
What design of screw head is being used?  Cross-head, torx, 
slot, etc? Or, considering another example, what should be 
understood when speaking about “using” a tissue to clean a 
surface?  
So while Therbligs are helpful in visualising the process, 
their focus on providing a structured methodology for 
calculating the time an activity should take to perform means 
they are not specific enough to describe exactly what is 
happening from a physical perspective.  Therbligs such as 
“Transport Loaded”, “Grasp” or “Position” do not give 
enough information about the required physical attributes to 
lift or move an object. They do not consider the questions 
“what is the required force to lift an object?” , “what pressure 
must be applied to grab an object?”, “what is the speed, 
velocity or acceleration required to move an object?”. 
Similarly there are no Therbligs to take account of 
decision-making activities.  During the maintenance on the 
train a coolant leak was observed.  Therbligs would be needed 
to deal with the questions “What is to be done when a leak is 
found?”. “Is the leak significant enough to require attention?”, 
“where is the source of the leak?”. 
The IE techniques outlined in this research can describe 
and analyse processes but something is missing, especially if 
these techniques are used to convert activities performed by 
humans into activities to be undertaken by robots. 
For a better description and analysis of a complex activity, 
more Therbligs are needed.  For example the Therblig “Use” 
is too generic and some additional Therbligs should be created 
depending on the tool being deployed.  For example if a 
screwdriver is used, Therbligs like “turn clockwise” or “turn 
anticlockwise” could be more appropriate. 
In addition, more information to support the Therbligs are 
required, such as physical or geometrical parameters.  For 
example:  
x If a hammer is used the Therblig “Use” should be 
integrated with information about the angle to hit the part.   
x If a fragile object is grasped, information about the 
pressure and the force to applied is needed. 
x When a part is being lifted, if it is heavy, more force will 
be necessary 
x The distance the object is being moved – is it within the 
physical constraints of the robot being considered for the 
activity? 
Furthermore, Therbligs for decision making are needed to 
better answer questions like “what to do in this particular 
situation?”, “is the task done properly?”, “if something 
happens, what should be done?”. 
Referring to the train maintenance tasks performed, it is 
important to evaluate different situations using all the 
different senses. For example, it is crucial to recognise an oil 
leak from the smell or the sight of drops or spots.  Other 
senses involved are hearing, to notice suspect noises, or touch 
to detect heat or smoothness of surfaces. 
It was asserted in section 2 that key characteristics of 
maintenance are that it is irregular, non-deterministic and non-
standardised. This was demonstrated during the 
experimentation on the train.  The results of the oil analysis 
from the final drive could require that unplanned maintenance 
be undertaken, removing the filler plug from the final drive 
often requires extra assistance from a large screwdriver and 
the work required to lower and raise a skirt varies depending 
on whether it is heavy or light. 
8. Conclusions 
An investigation into the role autonomous robotics can 
play in industrial maintenance was undertaken in this 
research. Focusing firstly on developing a maintenance task 
classification methodology using known industrial 
engineering techniques and then validating it against two 
separate case studies, a radio controlled car shock absorber 
and a class 222 diesel engine train undercarriage. The results 
point to a successful implementation but also a need to further 
improve the task classification process. Current IE techniques 
were unable to provide the suitable detail needed for 
application of autonomous robotic platforms in this case. 
Future work will look at improving this methodology 
further, and looking at developing a physical autonomous 
maintenance demonstration based upon this future 
maintenance task classification. 
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